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Project Goals
The main objective of ROGUE (Renewable Oil Generated with Ultra-productive Energycane) project is to
engineer the two most productive American crops—energycane and Miscanthus—to produce a sustainable
supply of biodiesel, biojet fuel, and bioproducts.
1. Increasing oil accumulation and targeting this to the mature stem
2. Increasing photosynthetic efficiency to power oil synthesis
3. Multi-gene construct transformation of energycane and Miscanthus
4. Field testing, processing and techno-economic analysis
Abstract
Biofuels provide sustainable alternatives to petroleum-based fuels and lignocellulosic biomass is considered
as the source of abundant renewable carbon. Cellulosic sugars and plant oils are particularly valued as they
can be converted conveniently to bioethanol, biodiesel, and bio-jet. However, oilseeds that are also part of
human food are still used predominantly for biodiesel production. To this end, transgenic bioenergy crops
metabolically engineered to produce and accumulate high triacylglyceride (TAG) content have shown
immense potential to replace oilseeds (Parajuli et al., 2020; Vanhercke et al., 2019; Zale et al., 2016). In
ROGUE, bioenergy crop-energycane has been genetically modified to shift the carbon flux towards synthesis
and accumulation of TAG molecules in their vegetative tissues. Transgenic energycane crops can be an
excellent source of fermentable sugars and lipids/oil for biofuel production (Fouad et al., 2015). However,
after establishing the basic characteristics of transgenic plants under controlled environmental conditions for
genetic design and initial processing at bench-scale, it is critical to scale up the processes and test the proofof-concept at pilot-scale for holistic analysis needed for potential commercialization. Bioprocessing at a pilotscale provides industrially relevant data and helps identify research gaps for the successful commercialization
of the project. Pilot-scale processing helps in getting better estimates for the techno-economical analysis and
process simulation.

The transgenic energycane crop was cultivated under field conditions at the University of Florida-IFAS Plant
Science Research and Education Unit, FL, USA. Upon harvesting, brown and green leaves were separated
from the stem. A total of 223 kg (166 kg stem; 38.6 kg green leaves+tops; 18.3 kg brown leaves) were received
at Integrated Bioprocess and Research Laboratory (IBRL), a translational research facility at the University of
Illinois, IL, USA. Before harvest, the total TAG content in green leaves, stem, and juice were 3 to 10%
(depending on leaf maturity and position), 0.6 to 1.3% (depending on stem maturity and position), and 1.4%
per g dry weight, respectively. Transgenic energycane stems (97 kg) were processed in the pilot-scale facility.
A combination of pilot-scale continuous hydrothermal pretreatment and disk milling, followed by hydrolysis
with commercial cellulases, successfully recovered fermentable sugars and lipids. Chemical-free pretreatment
at pilot-scale has shown no detrimental effect on oil recovery or the lipid profile from these transgenic energy
crops. Thus, pilot-scale bioprocessing has been successfully established for transgenic energycane to produce
fermentable sugars for bioethanol and lipids for biodiesel.
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